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157] ABSTRACT

A circuit for modulating or demodulating an input po-
tential includes a first operational amplifier for receiv-
ing the input potential and a second operational ampli-
fier for outputting an output potential. A resistor net-
work 1s connected to the operational amplifiers. A
switch with a first position and a second position 1s
connected to the resistor network and to at least one of
the operational amplifiers. The circuit also includes a
mechanism for repeatedly driving the switch between
its first position and its second position. When the
switch 1s in 1ts first position, the output potential equals
the input potential. When the switch 1s in its second
position. the output potential equals minus one times the
input potential.

22 Claims, 17 Drawing Sheets
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1

CIRCUIT FOR GENERATING OR
DEMODULATING A SQUARE WAVE AND OTHER
WAVE FORMS

FIELD OF THE INVENTION

This invention relates to a circuit that may be used to
generate an AC square wave and other wave forms
with high precision and also is suitable for high-preci-
sion demodulation of an AC signal and for other pur-
pOses.

BACKGROUND OF THE INVENTION

Reference is made to copending patent application
ser. no. 07/619,624, filed Nov. 29, 1990, entitled
“Square Wave Excitation of a Transducer”, filed by the
applicant of the present application and assigned to the
assignee of the present application. The disclosure of
said copending application ser. no. 7/619,624 is hereby
incorporated herein by reference.

As stated in said copending application ser. no.
07/619,624 it is advantageous to excite a strain gauge in
a force measuring device by an AC square wave. How-
ever, the precision desired for the force measuring de-
vice requires a circuit capable of producing the excita-
tion wave form with greater precision than prior art
clrcuitry.

SUMMARY OF THE INVENTION

According to the invention, a circuit for modulating
or demodulating an input potential includes a first am-
plifying circuit for receiving an input potential, a sec-
ond amplifving circuit for outputting an output poten-
tial, a resistor network connected to the first and second
amplifving circuit, and a switch that has a first position
and a second position. The switch is connected to the
resistor network and to at least one of the amplifying
circuits. Changes in the switch’s position change the
effective gain of at least one of the amphifying circuits.
The circuit also includes a device for repeatedly driving
the switch between its first and second positions. The
output potential is equal to the input potential when the
switch 1s in its first position and 1s equal to minus one
times the input potential when the switch 1s 1n its second
position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of the electronic
circuitry of a force measuring apparatus that includes a
circuit is that is an embodiment of the invention.

FIG. 2 is an interconnection diagram of FIGS.
2A-2J, which together are a schematic representation
of the circuitry of FIG. 1.

FIG. 3 1s a detailed schematic representation of a
resistor network making up part of a circuit according
to the invention.

FIGS. 4A and 4B illustrate equivalent circuits to the
two states of the tare circuit of the invention.

FIGS. SA-SD are examples of wave forms that may
be generated by the circuit of the invention.

F1G. 6 i1s a wave form illustration of use of the circuit
of the invention as a frequency multiplying circuit.
FIG. 7 is a wave form illustration of use of the circuit of
the invention as a pulse train generating CIrcuit.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE SUBJECT INVENTION

An overview will first be presented of a force-
measuring device that includes a circuit that is an em-
bodiment of the present invention. FIG. 1 shows in
schematic form the major functional blocks of a force-
measuring device 10. Device 10 includes load cell 20,
which comprises one or more strain gauges arranged 1n
a resistor bridge 25. Load cell 20 maybe, for example,
the model PW 2C3 available from Hottinger Baldwin
Measurements, Inc., Marlboro, Mass. or the model 1040
available from Tedea, Inc., Canoga Park, Calif. Modu-
lator excitation source 30 converts a precise, stable d.c.
voltage into a square wave that 1s applied in a push-pull
arrangement to resistor bridge 2.

The output of resistor bridge 25, reflecting the force
applied to load cell 20, is amplified by a.c. amplifier 40,
and then demodulated by signal demodulator 30. The
d.c. output by signal demodulator 50 1s converted 1nto a
digital signal by A/D converter 60. The reference volt-
age for A/D converter 60 is provided by reference
demodulator 70, which demodulates the square wave
excitation signal that is applied to resistor bridge 25.

Timing signals for modulator excitation source 30,
signal demodulator 50 and reference demodulator 70
are provided by timing generator 80. The digital signal
output by A/D converter 60 is received by data inter-
pretation circuitry 90.

FIGS. 2A-2] illustrate in more detail the circuitry of
F1G. 1. Corresponding to modular excitation source 30
of FIG. 1 are modulator circiut 102 (FIG. ba) and push
pull amplifier stage 104 (F1G. 2C). Resistor bridge 25 1s
found on FIG. 2C, a.c. amplifier 40 on F1G. 2C, signal
demodulator 50 on F1G. 2D, A/D converter 60 on
FIG. 2E, and reference demodulator 70 on FIG. 2B.
Timing generator 80 is realized by use of microcon-
troller 106 (FIG. 2G) also makes up part of the timing
generator.

Microcontroller 106 may be, for example, a model
80C51FB available from Intel Corporation, Santa
Clara, Calif. Associated with micro controller 106 are
address latch 110, program ROM 112, and RAM 114
(FIG. 21).

Address bus 116 and multiplexed address and data
bus 118 interconnect microcontroller 106, latch 110,
ROM 112 and RAM 114. Pull-up resistors 120 (FIG. 2F
are provided for bus 118. As will be recognized by those
skilled in the art, the functions of microncontroller 106,
ROM 112 and RAM 114 may alternatively be embodied
in a single integrated circiut.

Also associated with microcontroller 106 are conven-
tional start-up control circuitry 122 (FIG. 2H) and a
crystal clock source 124 (FI1G. 2F). Crystal 124 operates
at 12 MHZ in the series resonant mode with a shunt
capacitance on either leg for stability. Crystal 124 is the
only clock source in device 10, thus eliminating beat
frequency noise that might occur if more than one clock
were present.

IC 126 (F1G. 2G) is connected to crystal 124 so as to
provide a buffer for furnishing the 12 MHZ signal to the
rest of the system. The input capacitance of the buffer
provides the aforementioned shunt capacitance for one
leg of crystal 124. IC 126 also compnses two D-type
flip-flops, a NAND gate and a NOR gate arranged as a
divide-by-three circuit in order to convert the 12 MHZ
clock signal from crystal 124 into a 4 MHZ clock signal
required by A/D converter 60. Also receiving the 4
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MHZ clock signal are: frequency selector circuit 128
(FI1G. 2J), which controls the bandwith for the digital
filter of A/D converter 60; and display clock driver 130
(F1G. 2)).

Data interpretation circuitry 90 of FIG. 1 is realized
in part by microcontroller 106 which receives the out-
put of A/D converter 60. Microcontroller 106 transmits
data to a second microcontroller (not shown) which
performs such functions as noise reduction and/or aver-
aging and/or conversion to pounds or kilograms, etc.
The second microcontroller may also be interfaced for
communication of weight data to a microprocessor or
other device that may use the weight data for such
purposes as postal rate calculations.

Modulator circuit 102, which is a preferred embod:-
ment of the circuit of the present invention, will now be
described. Referring to FIG. 2A, it will be observed
that modulator 102 includes precision resistor network
140, a first operational amplifier 142, a switching circuit
144 and a second operational amplifier 146.

As shown in FIG. 3, resistor network 140 comprises
resistors R1 through R9. The absolute tolerance of the
resistors is 1%. Resistors R1 through R9 are precisely
matched with a preferred ratio tolerance of 0.19%.
Changes in ratio with temperature are minimized. In a
preferred embodiment, the change 1n ratio with temper-
ature 1s no more than 5 parts per million per 0° C. over
the range 0° C. to +70° C. The stringent tolerance for
change in ratio is selected to aid in achieving the desired
accuracy for device 10.

Amplifiers 142, 146 are preferably high gain opera-
tional amplifiers, with a gain of at least 5 million and
may be, for example, model OP400 amplifiers available
from Precision Monolithics, Inc., Santa Clara, Caht.

Switch 144 is preferably a double pole single throw
FET switch and may be a type DG300 available from
Intersil, Inc.. Cupertino, Calif. or Harris Semiconductor
144 i1s connected to resistor network 140, amplifier 142
and (through resistor network 140) to amplifier 146.
Switch 144 is in a break before make configuration to
eliminate transients. The rise and fall time of switch 144
is rapid, and in a preferred embodiment varies by no
more than 12.5 nanoseconds from a nominal 250 nano-
seconds over the temperature range of 0° C. to +70° C.

FIG. 4A is an illustration of an equivalent circuit
(102E) to modulator 102 when switch 144 is in its first
position (shown in FIG. 2A). FI1G. 4B is an 1llustration
of an equivalent circuit (102E') to modulator 102 when
switch 144 is in its second position.

Referring to F1G. 4A, equivalent circuit 102E 1s seen
to be a two stage amphifier, of which the first stage
comprises operational amplifier 142 and resistors R1,
R4, while the second stage comprises operational ampli-
fier 146 and resistors RS, R6. The location of switch 144
in equivalent circuit 102E is shown by point S.

The gain for the first stage of circuit 102E is given by
gain equation.

Gi=—R4/Ri=—10k/10k=—1

The gain for the second stage of circiut 102E is given
by

Gy= —R6/R5= — 10k/10k= — 1

The total gain for circiut 102E is therefore

Gr=0G1*f3=—1*~1=1
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Turning now to FIG. 4B. equivalent circuit 102E
also is a two stage amplifier. The first stage comprises
op amp 142 and resistors R1, R2, R4, R5. The second
stage of circuit 102E’ comprises op amp 146 and resis-
tors R4, RS, R6. Resistor R3 may be disregarded be-
cause of the high input impedance of op amp 146. As 1n
FIG. 4A, the location of switch 144 in equivalent circuit
102E’ is shown by point S.

The gain for the first stage of circuit 102E" is given by

—1/R1 * ({({R4 + RS5)* R2Y/(R4 + R5 + R2))

= —1/10 * (((10 + 10) * 10)/(10 + 10 + 10)
—1/10 * (200/30) = —2/3

The gain for the second stage of circuit 102E’ 1s given
by

1 + (R6/(R4 + R5S))
= 1 -+ (10/(10 + 10)) = +3/2.

lledalialle
e —

The total gain for circutt 102E’ 1s
Gr=G'1*Gr— —%*3/2=—1|

It will be noted that changes in the position of switch
144 change the effective gains of op amps 142, 146.

It will be noted that switch 144, in etther position, 1s
within the feed back loop of amplifier 142. This posi-
tioning demultiphes the on resistance of switch 144 by
amplifier 142’s open loop gain, which is a factor of at.
least five million, thereby improving the precision of the
output of modulator 102. Also to be noted 1s 33pF ca-
pacitor 150 which is connected across the output and
the inverting input of amplifier 142. Capacitor 150 stab:-
lizes amplifier 142 during transitions of switch 144 (50
nanoseconds worst case). Capacitor 150 also stabilizes
the rise and fall time of the square wave output over
variations in component characteristics due to time and
temperature. Switch 144 repeatedly changes its position -
in response to timing signals received from driving
stage 108. Driving stage 108 (FI1G. 2G) comprises D-
type flip-flops 132, 134, 136, 138. A 2KHZ clock signal
output by microcontroller 106 is buffered by an inverter
of 1C126 and then received at the clock input of flip-
flop 132. Fhip-flop 132 is arranged to change state upon
each clock pulse. As a result, the output of flip-flop 132
cycles at a rate of 1KHZ. The next state of flip-flop 138
is determined by the current state of flip-flop 132. The
exact timing of the change of state of flip-flop 138 s
determined by the receipt of clock pulses from mi-
crocontroller 106. Flip-flop 138 receives the same
2KHZ clock signal that is applied to the aforesaid in-
verter of IC 126. Flip-flop 138 outputs a IKHZ square
wave timing signal to modulator 102.

As will be appreciated by those skilled in the art, each

positive-going edge and each negative-going edge of

the 1IKHZ signals output by flip-flop 138 occurs in
response to a positive-going edge of the 2KHZ clock
signals received by flip-flop 138. This arrangement as-
sures symmetry of the 1KHZ signals output by the
flip-flop 138.

As will also be appreciated, the timing signals output
by flip-flop 138 may be readily adjusted or changed by
microcontroller 106.
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In operation, modulator 102 receives a precision 3
volt d.c. potential from reference voltage generator 148
(F1G. 2A). The +5V potential i1s applied to the mvert-
ing input of amplifier 142 through resistor R1. The 1
KHZ timing signal from flip-flop 138 1s applied to
switch 144. Switch 144 changes its position on each
positive and negative edge of the IKHZ timing signal,
so that switch 144 is repeatedly driven between its first
and second positions in a 1IKHZ cycle. When switch
144 1s 1n its first position, the total gain of modulator 102
i1s -+ 1, so that the output potential of amplifier 146
(which also may be considered the output of modulator
102) is equal to the input potential +5V. When switch
144 is’in its second position, the total gain of modulator
102 is — 1 so that the output potential of amplifier 146 is
equal to — 5V, which is minus one times the input po-
tential. As a result of the IKHZ timing signal apphed to
switch 144, the output of modulator 102 is a precision
1KHZ a.c. square wave of amplitude 10 volts, peak to
peak.

As described in more detail in the above-referenced
application ser. no. 07/619,624, signal demodulator
circuit 50 and reference demodulator circuit 70 are
alternative preferred embodiments of the circuit of the
present invention. Demodulators 50, 70 differ from
modulator 102 in that the amplifiers of demodulators 50,
70 have more rapid slew rates that those of modulator
102. Demodulators 50, 70, like modulator 102, receive
timing signals from driving stage 108. 1IKHZ timing
signals output by flip-flops 134, 136 are respectively
applied to switches 142', 142" of demodulators 50, 70.
The relative timing of the timing signals output by driv-
ing stage 108 to circuits 102, 50, 70 1s such that demodu-
lators 50. 70 synchronously demodulate a.c. square
wave signals, converting those signals into d.c. poten-
tials.

It will be appreciated that there are many alternatives
to the heretofore disclosed means for driving switch 144
between its first and second position. For example,
instead of timing signals received from timing generator
80. switch 144 may be driven by an oscillator, such as a
quartz-crystal oscillator or an LC or RC oscillator. As
another example, logic circuitry that outputs a digital
square-wave or other wave form could also be used.

As will be recognized by those skilled in the art, there
are also many possible alternative embodiments of tim-
ing generator 80. For example, input signals received by
driving stage 108 could be provided by logic circuitry
instead of by microcontroller 106. As another example,
microcontroller 106 could be replaced by a conven-
tional microprocessor.

As will be appreciated, it is advantageous for the
switch driving means to include programmable means
such as microcontroller 106 because of the relative ease
with which the circuit of the present invention may
thereby be adapted to perform a variety of functions.
For example, in the force measuring device disclosed
herein, one embodiment of the circuit was used to con-
vert a stable d.c. potential into a precision a.c. square
wave, while another embodiment was used to convert
an a.c. square wave into a d.c. potential. In addition to
the force measuring device disclosed herein, the afore-
said embodiments may find application, for instance,
with a thermistor bridge, with a linear varnable differen-
tial transformer or in a pressure Or strain measuring
device.

Other uses of said circuit can readily be achieved by
programming the programmable means to provide ap-

10

15

20

rJ
th

30

33

435

50

55

6

propriate timing signals. FIGS. SA-5D illustrate exam-
ples of the varieties of rectangular wave forms that
could be generated from a stable d.c. input using the
circuit of this invention.

The circuit could also be used to synchronously de-
modulate such relatively complicated wave forms as
those shown in FIGS. 5A-5D, therebyv converting them
into a d.c. potential.

One possible application for such modulation and
demodulation would be in the field of communications
security. For example, a signal potential that i1s to be
“scrambled’” is input to a modulator circuit that would
convert a constant potential into an arbitrary wave form
such as one of those shown in FIGS. SA-5D. The
scrambled signal is then transmitted. The receiving
instrument includes a demodulator circutt that 1s con-
trolled to synchronously reverse the scrambling effect
of the modulator. A series of coded timing pulses or the
like is transmitted and received to allow synchroniza-
tion of the demodulator with the received signal.

The circuit of this invention could also be used as a
square wave frequency multiplier. For example, use of
the circuit to multiply a square wave’s frequency by
two is illustrated by reference to FI1G. 6. Wave form 210
represents an a.c. square wave input signal having a
peak to peak amplitude of twice v and a period of i/1,
corresponding to a frequency of {. If, as shown by wave
form 220, the switch of the circuit is driven in a cycle of
frequency f, 90° out of phase with input wave form 210,
the output signal will have wave form 230, with a per-
iod of }F, and a frequency pt 2F.

A variation on the application of FIG. 6 1s tllustrated
in FIG. 7, wherein input wave form 210 is the same as
in FIG. 6, but the switch position wave form 220’ 1s out
of phase with wave form 210 only by a small amount,
say 15°. The resulting output wave form 230" again has
a frequency of 2f, but is not a square wave. Rather,
wave form 230 is at +v most of the time, with a train
of —v pulses. It will be appreciated that suitable pro-
gramming of timing signals or other signal modulation
means would allow the circuit of this invention to be
applied to pulse code modulation, pulse width modula-
tion, pulse position modulation or other communication
schemes.

As will be recognized by those skilled in the art, there
are many other possible applications for the circuit of
this invention, including cascades of such circuits. If
amplifving stages of other than unity gain were inter-
spersed in such a cascade, quite complicated step-func-
tion wave forms could be produced.

It is to be understood that the embodiments described
above are not to be considered as limiting and limita-
tions on the subject invention are to be found only in the
attached claims.

I claim:

1. A circiut for modulating or demodulating an 1nput
potential, comprising:

(a) first amplifying means for receiving said input
potential and outputting an intermediate output
potential;

(b) second amplifying means for receiving said inter-
mediate output potential and outputting a final
output potential;

(c) a resistor network connected to said first and
second amplifying means, said network comprising
a first resistor. a second resistor, a third resistor, a
fourth resistor. a fifth resistor and a sixth resistor,
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each of said resistors having a first terminal and a
second terminal;

(d) switching means having a first position and a
second position said switching means being con-
nected to said resistor network and to said first S
amplifying means; and

(e) means connected to said switching means for
repeatedly driving said switching means between
said first position and said second position;

each of said amplifying means having an inverting 10
input terminal, a non-inverting input terminal and
an output terminal; said non-inverting input termi-
nal of said first amplifier means being coupled to a
ground potential; said first terminal of said first
resistor being connected to a source of said input 15
potential, said second terminal of said first resistor
being connected to said inverting input terminal of
said first amplifying means, said second terminal of
said second resistor being connected to said first
terminal of said third resistor, said second terminal
of said third resistor being connected to said invert-
ing input of said second amplifying means; said first
terminal of said fourth resistor being connected to
said inverting input terminal of said second amph-
fying means, said said second terminal of said
fourth resistor being connected to said output ter-
minal of said second amplifying means; said first
terminal of said fifth resistor being connected to
said inverting input terminal of said first amplifying
means; sald second terminal of said fifth resistor
being connected to said first terminal of said sixth
resistor, said second terminal of said sixth resistor
being connected to said non-inverting input termi-
nal of said second amplifying means; said second ;5
terminal of said second resistor being connected via
said switching means to said output terminal of said
first amplifying means only when said switching
means 1s in said first position; said second terminal
of said fifth resistor being comnnected via said 4
switching means to said output terminal of said first
amplifying means only when said switching means
is in said second position; said inverting input ter-
minal of said second amplifying means receiving
said intermediate output potential only when said 45
switching means is in said first position; said non-
inverting input terminal of said second amplifying
means receiving said intermediate output potential
only when said switching means 1s in said second
position; said resistors providing resistances so that sg
sald final output potential equals said input poten-
tial when said switching means is in said first posi-
tion and said final output potential equals minus
one times said input potential when said switching
means 1s in said second position. 55

2. The circuit of claim 1, wherein said first amplifying

means comprises a first high-gain operational amplifier
and said second amplifying means comprises a second
high-gain operational amplifier.

3. The circuit of claim 2, wherein said switching 60

means comprises field effect transistor (FET) switch
means.

4. The circuit of claim 3, wherein said FET switch
means is enclosed within a feedback loop of said first
operational amplifier. 65

§. The circiut of claim 4, wherein said driving means
comprises a microcontroller for generating timing sig-
nals.
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6. The circuit of claim 5. wherein said input potential
is a stable d.c. voltage and said final output potential 1s
an a.c. square wave.

7. The circuit of claim 8§, wherein said input potential
is an a.c. square wave and said final output potenual 1s
a d.c. voliage.

8. The circiut of claim 1, wherein said driving means
comprises a microcontroller for generating timing sig-
nals.

9. The circiut of claim 8, wherein said input potential
is a stable d.c. voltage and said final output potential 1s
an a.c. square wave.

10. The circiut of claim 8, wherein said input poten-
tial is an a.c. square wave and said final output potential
is d.c. voltage.

11. The circiut of claim 1, wherein said input poten-
tial is a stable d.c. voltage and said final output potential
1S an a.C. square wave.

12. The circiut of claim 1, wherein said input poten-
tial is an a.c. square wave and said final output potential
is a d.c. voltage. |

13.-The circiut of claim 1, wherein said switching
means is enclosed within a feedback loop of said first
amplifying means.

14. A circiut for selectively inverting or following an
input potential, said circiut comprising:

(a) first amplifying means for receiving said imnput
potential and outputting an intermediate output
potential;

(b) second amplifying means for receiving said inter-
mediate output potential and for outputting a final
output potential; |

(c) a resistor network connected to said first and
second amplifying means, said network comprising
a first resistor, a second resistor, a third resistor, a
fourth resistor, a fifth resistor and a sixth resistor,
each of said resistors having a first terminal and a
second terminal; and

(d) switching means having a first position and a
second position, said switching means being con-
nected to said resistor network and to said first
amplifying means;

each of said amplifying means having an inverting input
terminal, a non-inverting input terminal and an output
terminal; said non-inverting input terminal of said first
amplifier means being coupled to a ground potential;
said first terminal of said first resistor being connected
to a source of said input potential, said second terminal
of said first resistor being connected to said inverting
input terminal of said first amplifying means; said first
termina!l of said second resistor being connected to said
inverting input terminal of said first amplifying means,
said second terminal of said second resistor being con-
nected to said first terminal of said third resistor, said
second terminal of said third resistor being connected to
said inverting input of said second amplifying means;
said first terminal of said fourth resistor being con-
nected to said inverting input terminal of said second
amplifying means, said said second terminal of said
forth resistor being connected to said output terminal of
said second amplifying means; said first terminal of said
fifth resistor being connected to said inverting input
terminal of said first amplifying means; said second
terminal f said fifth resistor being connected to said first
terminal of said sixth resistor, said second terminal of
said sixth resistor being connected to said non-inverting
input terminal of said second amphfying means; said
second terminal of said second resistor being connected
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via said switching means to said output terminal of said
first amplifying means only when said switching means
is in said first position: said second terminal of said fifth
resistor being connected via said switching means to
said output terminal of said first amplifying means only
when said switching means is in said second position;
said inverting input terminal of said second amplifying
means receiving said intermediate output potential only
when said switching means is in said first position; said
non-inverting input terminal of said second amplifying
means receiving said intermediate output potential only
when said switching means is in said second position;
said resistors providing resistances so that said final
output potential follows said input potential when said
switching means is in said first position and said circiut
inverts said input potential when said switching means
1s 1n said second position.

15. The circiut of claim 14, further comprising means
connected to said switching means {for repeatedly driv-
ing said switching means between said first position and
said second position.
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16. The circiut of claim 13. wherein said input poten-
tial is a stable d.c. voltage and said final output potental
1S an a.C. square wave.

17. The circiut of claim 13, wherein said input poten-
tial is an a.c. square wave and said final output potential
is a d.c. voltage.

18. The circiut of claim 15, wherein said driving
means comprises a micro-controller for generating tim-
ing signals.

19. The circiut of claim 14, wherein said first amplify-
ing means comprises a first operational amplifier, said
second amplifying means comprises a second opera-
tional amplifier and said switching means 1s enclosed
within a feedback loop of said first operational amph-
fier.

20. The circiut of claim 19, wherein said switching
means comprises FET switch means.

21. The circiut of claim 20, further comprising means
connected to said switching means for repeatedly driv-
ing said switching means between said first positions
and said second position.

22. . The circiut of claim 21, wherein said driving
means comprises a micro-controlier for generating tim-

ing signals.
* . * * *
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